1 



METHOD AND DEVICE FOR CONTROLLING THE 
THICKNESS OF A ROLLED PRODUCT 

The invention relates to a method for controlling the final thickness of a 
rolled product, at the outlet of a tandem rolling mill, enabling in particular to 
optimise the productivity of such a plant while balancing the currents of the 
5 driving motors of the different stands, in order to enable an increase in the 
overall rolling speed, without any risks of overloading either of the motors. 
The invention also relates to a control device enabling the implementation of 
such a method. 

The invention is provided especially for cold rolling of metal bands, for 
10 instance of steel, but may be applied, generally, to any plant including 
several roll stands operating in tandem for gradual reduction in thickness of a 
product running successively between the working rolls of said stands. 

It is known that a rolling mill includes, generally, at least two working 
rolls mounted inside a supporting stand and delineating a gap for letting 
15 through the product to be rolled, the stand carrying means for applying an 
adjustable clamping load between the rolls. The number of rolls may vary 
according to the type of rolling mill for instance duo, quarto, sexto or other. 

To determine the infeed of the product between the rolls, the latter are 
• driven into rotation around their axis by motorised means which apply a 
20 driving torque, either directly to the working rolls, or indirectly, to the back-up 
rolls in a quarto assembly or to intermediate rolls in a sexto assembly. 

For a long time so-called « in tandem » rolling plants have been 
known, including at least two successive stands each performing a portion of 
the reduction in thickness. From a raw thickness, the product is therefore 
25 subjected, in the first stand, to a first reduction in thickness and it comes out 
at a speed determined by the rotational speed of the working rolls. In the 
second stand, it is subjected to a second reduction in thickness and comes 
out at a greater speed to follow to the mass flow preservation law. The 
working rolls of the second stand must therefore be driven into rotation at a 
30 speed greater than that the rolls of the first stand, these speeds being in the 
reverse proportion of the reductions performed in each stand. 
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Besides, the rotational torques applied to the working rolls are 
adjusted so that each intermediate stand exerts a traction load on the band 
coming out of the previous stand. 

It is necessary to ensure control, on the one hand, of the reduction in 
5 thickness performed in each of the stands in order to obtain, at the outlet of 
the plant, a product having constant thickness with a certain degree of 
accuracy and, on the other hand, to keep the band perfectly stretched in 
each so-called « inter-stand » space between two successive stands, in 
order not to reach the traction levels which might cause the band to break. 
10 Usually, the thickness of the band running through the successive 

stands of a tandem rolling mill is controlled by monitoring the mass flow ratio. 

In a known control method, used conventionally to obtain, at the outlet 
of the plant, a band with a given thickness, the thickness of the band at the 
outlet of the first stand is kept constant, on the one hand, and the speed 
15 ratios between the first and the last stand are held constant, on the other 
hand. 

The speeds of the intermediate stands may be deducted from these 
conditions since they are imposed by the mass flow preservation law of the 
metal running through the stands of the rolling mill, and they are reversely 

20 proportional to the reductions ascribed to each rolling stand. 

The thickness at the outlet of the first stand is generally controlled, on 
a modern rolling mill, by the clamping means which are driven by a feeler 
gauge situated downstream of said stand. Certain systems, more 
sophisticated, also include a feeler gauge upstream of said stand. 

25 The whole control system of a tandem rolling mill is currently called 

« automatic gage control » or AGC. 

Besides, in order to regulate the traction loads in the inter-stand 
spaces, one acts generally on the clamping means of the stands, since it is 
not possible to modify the speed ratios between the successive stands 

30 without affecting the outlet thickness. To do so, each inter-stand space 
receives a traction measuring device such as a tensimeter roll which controls 
the clamping level of the stand situated downstream. A feeler gauge, placed 
at the outlet of the rolling plant, controls the final thickness by acting on the 
speed of the last stand or of the last two stands of the tandem rolling mill. 
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Such a system for controlling the inter-stand tractions is also called 
« automatic tension control » or ATC. 

In each stand, the strength and the rolling torque applied, respectively, 
for a certain reduction in thickness, by the clamping means and by the driving 
5 means of the working rolls, should be suited to the characteristics of the 
product to be rolled. For each type of product, a « rolling pattern » should 
therefore be worked out, which determines the successive reductions in 
thickness allocated to each stand relative to geometric and metallurgic 
characteristics of the product. 

10 However, it is not possible to ask the operators to establish, optimally 

and permanently, a rolling pattern for each product involved in the annual 
production of the rolling mill. 

As generally known, to obtain such a result automatically, a pre- 
adjustment system may be used for calculating the rolling patterns, 

15 considering all the characteristics of the plant such as the powers of the 
driving motors, the maximum intensities and speeds of the motors, the 
possible maximum stresses on the roll stands, etc. This pre-adjustment 
system must also take into account the geometric and metallurgic 
characteristics of the product to be rolled and the product/rolling mill interface 

20 to establish the rolling parameters adapted to each format and nature of band 
forming the annual production of the rolling mill. These parameters are, in 
particular, the inlet thickness and the outlet thickness, possibly the 
temperature, the hardness, or still the flow constraint and the variation of this 
constraint over the reduction in thickness, as well as the friction coefficient in 

25 the sheet/roll interface. 

This pre-adjustment system may be in the form of multiple inlet tables 
providing with the adjustments to be displayed for each stand relative to the 
inlet parameters. In certain systems known, the operators input beforehand 
the characteristics of the bands to be rolled according to the programme of 

30 production forecast and it then suffices to validate such data at the arrival of 
the head of the band of the product considered in the rolling plant. 

However, it is also possible to use more sophisticated pre-adjustment 
systems including a mathematical model which calculates a reduction pattern 
for each band entering the rolling mill tandem. Such a model then establishes 

35 possible reduction values for the stands and may perform certain 
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optimisations in order to choose the rolling pattern corresponding to the best 
power distribution. The more sophisticated models may also be reset by 
frequently recording the actual values of the rolling parameters such as the 
rolling stresses, the torques applied by the motors and their speeds. 

5 Moreover, it must also be possible to vary the overall speed of the 

rolling plant in order to accelerate or to slow down the product at the outlet of 
the plant. Still, the mass preservation law only enables to adjust the speeds 
with respect to one another, as a relative value. In a known process, one acts 
therefore on the speed of one of the stands, called a pivoting stand and the 

10 speed of the other stands is managed by a system of controls in order to 
keep the speed ratios corresponding to the distribution of the reduction rate 
between the different stands. 

In practice, the means for driving the rolls into rotation are electric 
motors with a basic speed for which they provide their rated torque. 

15 Consequently, when designing the rolling mill train, an average reduction in 
thickness is considered for each stand. The motors being, generally, built to 
have the same basic speed, a speed reducer is installed very often between 
the motor and the stand, whereof the reduction ratio is different for each 
stand in order to obtain the same speed on the high speed shaft of the 

20 reducing gear. 

This overall design of the tandem rolling mill with a speed gradation on 
the high speed shaft, determining the rotational speed of the milling rolls, 
from the first stand to the last, is called commonly « speed cone ». 

Still, during actual production, the exact reduction ratio to be applied to 

25 each stand in order to obtain on the product the reduction in thickness 
desired, does not coincide perfectly with the speed gradation of the motors. 
There results that all the motors do not lie on the same operating point. To 
increase the overall rolling speed, certain motors will therefore reach their 
intensity limit before others and then prevent a production at optimum speed 

30 of the plant. 

Consequently, in a very large of number of cases, the maximum speed 
possible may not be reached and the productivity of the rolling plant does not 
correspond to its maximum capacity. 

The pre-adjustment systems used currently do not enable to solve this 
35 problem. Indeed, certain important rolling parameters such as the friction 
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coefficient between the band and the milling rolls, which depends on the 
surface conditions and on lubrication, are accessible to the adjustment 
patterns only by very indirect calculation on the basis of the intensity, the 
strength and the speed measured. When changing the working rolls, the 
5 diameter and the surface condition of the rolls will therefore change, as well 
as the thermal equilibrium of the rolling mill. Even if a mathematic model has 
been used, said model will not find very rapidly correct adjustment of the 
reductions per stand enabling to obtain the maximum speed of the plant, 
therefore its optimum productivity. 

10 The invention intends to solve such a problem, and, in particular, to 

optimise the productivity of the plant, thanks to a method enabling to increase 
the efficiency of the control device without any excessive complication 
thereof. The method according to the invention may, indeed, be implemented 
by simple and relatively cheap means which are simply added to the control 

is means used conventionally. 

The invention relates therefore, generally, to a method for controlling 
the final thickness of a rolled product at the outlet of a tandem rolling mill 
associated with a general control system of the different stands determining 
gradual increase in the rotational speed of the rolls in relation to the gradual 

20 variation in thickness from one stand to the next, and to a control system of 
the reduction in thickness and in tension of the product in each space 
between two successive stands. 

According to the invention, the control system performs, in real time, 
dynamic balance, between the different stands, of the torques applied in 

25 each stand on the working rolls, without any noticeable disturbance of the 
final thickness of the product at the outlet of the plant. 

Particularly advantageously, the regulation system controls a variation 
in the rolling speed in at least one of the stands and modifies consequently 
the distribution of the reduction in thickness and the gradation of the speeds 

30 between the different stands in order to distribute substantially equally, on the 
whole motorised means, the load to be applied for driving the product at a 
given speed at the outlet of the plant while maintaining the final thickness at a 
set speed. 



6 



As usual, the global reduction in thickness to be performed between 
the inlet and the outlet of the plant is distributed according to a rolling pattern, 
using a pre-adjustment system. 

According to another preferred characteristic, the load imposed, in 

5 each stand, to the means for driving the working rolls into rotation for 
obtaining the speed set by the rolling pattern is permanently detected, and 
the reduction in thickness allocated to the most loaded stand is reduced in 
order to provide dynamic balance of the loads applied to the different stands. 
In a first embodiment, to decrease the reduction in thickness allocated 

10 to the most loaded stand, the rotational speed of the rolls of said stand is 
diminished with respect to the speed set by the rolling pattern. 

However, such a speed reduction of the most loaded stand 
determines automatic reduction in speed of the product at the inlet in the 
following stand which generates a potential thickness defect at the outlet of 

15 the plant during a transient period of product infeed in the inter-stand space. 
According to another particularly advantageous characteristic, this potential 
thickness defect is compensated for by anticipation by controlling reverse 
variation of the speed of all the stands situated upstream of said most loaded 
stand, liable to decrease the reduction in thickness performed in said 

20 upstream stands, in order to perform a load transfer on the stands placed 
downstream of said most loaded stand. 

In another embodiment, to decrease the reduction in thickness to be 
performed in the most loaded stand, the rolling speed is increased in the 
previous stand situated immediately upstream, in order to decrease the 

25 thickness of the product before arriving in the most loaded stand. Such an 
increase in speed in the previous stand determines a corresponding increase 
in the speed of the product when entering the most loaded stand which might 
generate a thickness defect at the outlet of the plant for a transient period. 
According to the invention, this potential thickness defect is compensated for, 

30 by anticipation, while controlling an increase in the rolling speed in the stands 
situated still upstream of said previous stand, in order to perform a load 
transfers on all the stands placed upstream of the most loaded stand, while 
increasing the reduction in thickness performed in each thereof. 

According to another particularly advantageous characteristic of the 

35 invention, the variation in thickness of the product is monitored permanently 
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as it progresses from the first to the last stand of the plant, in order to control 
a variation in speed of certain stands liable to compensate for a potential 
thickness defect for a transient period corresponding to the time necessary 
beforehand, between two successive stands, of the variation in thickness 
5 resulting from a variation in speed of the upstream stand, in order to maintain 
constant, permanently, the thickness of the product at the outlet of the last 
stand of the plant. 

It is moreover possible to combine variations in speed on both sets of 
stands situated respectively upstream and downstream of the most loaded 

10 stand, while producing a load transfer towards certain stands of said 
upstream sets and downstream, according to the load detected, in order to 
balance all the stands of the plant, while holding constant the final thickness 
of the product at the outlet thereof. 

Such a method enables, after performing dynamic balance of the 

15 loads applied on all the stands, to increase the rolling speed in one of the 
stands acting as a pivoting stand, the control system then causing 
consequently the speeds of the other stands to vary, in order to increase the 
speed of the product at the outlet of the plant without disturbing the final 
thickness and while preserving dynamic balance between all the stands. 

20 In practice, such an increase in the overall speed of the plant 

represents a gain of up to 15% of the maximum speed obtained without any 
dynamic balance of the torques applied. 

As specified above, the means driving the rolls are, generally, electric 
motors. In such a case, the control system according to the invention enables 

25 to perform dynamic balance of the currents without exceeding the rated 
intensity in each motor. 

The invention also concerns a control device improved for the 
implementation of the method and including, to this end, a circuit formed as a 
closed-loop for dynamic balancing, between the different stands, of the 

30 torques applied by the motorised means of each stand in order to obtain the 
final thickness desired and to maintain the latter at substantially constant 
value. 

The control device being associated, conventionally, with a pre- 
adjustment system of the reduction in thickness allocated to each stand and 
35 of the corresponding rolling speed, the dynamic balancing circuit according to 



the invention includes means for correcting, on each stand, the speed 
setpoint determined by the pre-adjustment system, in order to modify the 
distribution of the reduction in thickness between the different stands. 

In a preferred embodiment, the dynamic balancing circuit includes a 
5 module for controlling the transients acting as a closed-loop on the driving 
means of the rolls, in order to provide, by anticipation, an additional 
correction to the speed setpoint for a transient infeed period of the product 
between a stand whereof the speed setpoint has been corrected and the 
following stand. 

10 Preferably, this module for controlling the transients is associated with 

a device for permanently following the variation in thickness of the product 
when running between the inlet and the outlet of the plant, which determines 
the times of the beginning and of the end of the transient period during which 
an additional correction is made to the speed setpoint of at least one of the 

15 stands. 

Other advantageous characteristics will appear in the following 
description of a particular embodiment of the invention, given for 
exemplification purposes and represented on the appended drawings. 

Figure 1 represents diagrammatically a tandem rolling mill fitted with a 
20 thickness and traction control system according to the prior art. 

Figure 2 represents diagrammatically a tandem rolling mill fitted with a 
thickness and traction control system according to the invention. 

Figure 3 illustrates diagrammatically the distribution of the currents of 
the motors of a tandem rolling mill according to the prior art. 
25 Figure 1 represents diagrammatically a whole tandem rolling mill, 

including five roll stands marked 1 to 5. Such a plant, provided, for instance 
for cold rolling of sheets, operates continuously, and is associated with an 
inlet traction device. 

Each rolling mill stand, for instance of quarto type, includes two 
30 working rolls T, T delineating a gap for letting through the product to be 
rolled B and resting upon two back-up rolls S, S' between which is applied a 
rolling load by clamping means such as hydraulic jacks 11,21,31,41,51. 

A rotation driving means such as an electric motor 12, 22, 32, 42, 52 
applies, directly or indirectly, a rolling torque on at least one of the working 
35 rolls T, T\ The rolling load and the rolling torque depend on the nature of the 



product to be rolled, as well as the reduction in thickness to be performed in 
each stand. 

Usually, as specified, the thickness of the product is held constant at 
the outlet of the stand 1. To this end, it is possible, for instance, to install at 
5 the outlet of this stand a feeler gauge 13 which will fulfil this function by 
acting on the hydraulic clamp 11. This control may also be improved by 
measuring the raw thickness h Q of the band B at the inlet of the plant using 
another feeler gauge 13* installed at the inlet of the stand 1 and also acting 
on the hydraulic clamp 1 1 thereof. 

10 As known commonly, a rolling pattern established beforehand 

enables, relative to the characteristics of the product to be rolled and of the 
possibilities of the plant, to distribute the reduction in thickness between the 
different stands and the resulting gradation of the speeds in order to follow 
the mass flow preservation law. 

15 If hj designates the thickness of the band at the outlet of a stand of 

rang i and Vj the speed of outlet of the product, which corresponds to the 
driving speed of the rolls of the same stand, this law is written, for permanent 
duty cycle, as follows : 

20 hiVi = h 2 V 2 ; h 2 V2=h 3 V3 ; h 3 V 3 = h 4 V 4 ; h 4 V4=h 5 V5 (1) 

wherein t^ is the thickness and \Aj the speed of the product at the 
outlet of the stand 1 , and so on up to the stand 5. 

Besides, a control system enables, on the basis of the indications 

25 given by the tensimeters 15, 25, 35, 45 installed at the outlet, respectively, of 
the stands 1, 2, 3, 4 to act on the hydraulic clamping means, respectively 21, 
31,41, 51 of the following stands 2, 3, 4, 5 in order to correct the reduction in 
thickness and, consequently, the torque applied, in order to maintain 
constant traction in each space 10, 20, 30, 40 between two successive 

30 stands, without modifying the ratio between the driving speeds of the 
respective rolls. 

Thus, in the most current control mode of a tandem rolling mill, the 
tensimeter 15 installed at the outlet of the stand 1 acts on the hydraulic clamp 
21 of the stand 2, the tensimeter 25 installed at the outlet of the stand 2 acts 
35 on the hydraulic clamp 31 of the stand 3 and so on. It is then therefore 
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guaranteed that permanently the speed of the band at the inlet of a stand is 
equal to the speed of the band at the outlet of the previous stand. 

To ensure the metal flow, the pre-adjustment system determines, 
according to the rolling pattern, the reduction in thickness to be performed in 
5 each stand and the speed of the corresponding motor, enabling to satisfy the 
equation (1). 

If h* designates the thickness setpoint at the outlet of the stand of 
order i and V* the speed of the motor which depends on the overall rolling 
speed and on speed ratio to be respected, there derives: 

10 

h 1 *V 1 *= h 2 *V 2 * ; h 2 *V 2 *=h 3 *V 3 * ; h 3 *V 3 *= h 4 *V 4 *; h 4 *V 4 *=h 5 *V 5 * (2) 

Since the thickness of outlet of the stand 1 is held constant, it may be 
written: 

15 

h 5 * = h 4 *V 4 W 5 *=h 3 *V 4 W 5 *. V 3 W 4 * etc... = hi*Vi*/V 5 *. i.e.: 
h 5 *= h/ViWs* (3) 

20 Thus, in the most current control mode of a tandem rolling mill, the 

tensimeter 15 installed in the inter-stand space 10 at the outlet of the stand 1 
acts on the hydraulic clamp 21 of the stand 2, the tensimeter 25 installed in 
the space 20 at the outlet of the stand 2 acts on the hydraulic clamp 31 of the 
stand 3 and so on. Thanks to this traction control, permanently the speed of 

25 the band at the inlet of a stand is kept equal to the speed of the band at the 
outlet of the previous stand. 

Consequently, as shown on Figure 1, if the thickness hi at the outlet 
of the stand 1 and the speed V1 of the motor 1 1 are kept constant, the 
thickness may be controlled, conventionally, by means of a feeler gauge 53 

30 placed at the outlet 50 of the last stand 5 and acting on the speed V5 of the 
motor 52 or, sometimes, of the motor 42 of the stand 4. 

As specified above, all the intermediate reductions are fixed using a 
pre-adjustment system which determines the intermediate thickness 
setpoints hi* of each stand whereon depends the rotational torque to be 

35 applied by each motorised means 12, 22, 32, 42, 52. 
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Such a pre-adjustment system, not represented on the figure, may be 
formed simply of pre-adjustment tables specifying the intermediate 
thicknesses for each stand, but may also use a mathematic model capable of 
calculating the intermediate thicknesses h* relative to the characteristics of 

5 the product to be rolled, on the basis of databases updated periodically by 
measurements on the rolling mill. 

It is also necessary to be able to vary and to adjust the overall profiles 
of the rolling plant in order to accelerate or slow down the whole tandem. 
Still, the equation (2) enables to adjust the speeds as relative values with 

10 respect to one another. As commonly known, the pre-adjustment system 
determines all the thickness setpoints h* relative to the characteristics of the 
product to be rolled and to the power available on the roll stands, with a 
certain degree of optimisation which depends on the performances of the 
mathematic model used. 

15 However, the speed reference of a stand of the rolling mill, still called 

pivoting stand, is left free and accessible to the operator which may modified 
in order to control the speed of all the stands, to accelerate or to slow down 
the whole plant. 

The portion of the system controlling a tandem rolling mill which 
20 manages all the speeds around that of a stand taken as a pivot and enables 
to control the acceleration and slowing down ramps is called commonly the 
« master speed ». 

In a 5-stand rolling mill the stand 3 may be used as a pivoting stand. 
The speeds of the other stands are then calculated according to the 
25 equations (2) and it comes, by assuming V 3 available for general adjustment 
of the speed: 

V 4 *= h 3 * / h 4 * V 3 *; V 5 *= h 4 * / h 5 *.V 4 *= h 4 * / h 5 *.h 3 * / h 4 *.V 3 * = h 3 * / h 5 *.V 3 * (4) 

30 And similarly: V 2 *= h 3 * / h 2 *.V 3 *et V/= h 2 * / hAV 2 *= h 3 * / h 2 * h 2 * / h/A/*,* 
i.e.: V 2 *= h 3 * / h 2 *.V 3 *et V^= h 3 * / Km \V 3 * (5) 

Thus, all the speeds of the stands are determined relative to those of 
the pivoting stand, the equations (4) providing the speeds of those situated 
35 downstream of the pivoting stand and the equations (5) providing the speeds 
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of those situated upstream of the pivoting stand, in the running direction of 
the product. 

The final control of the thickness is carried out by the gauge 53 
installed at the outlet of the stand 5, in order to correct the residual errors, by 
5 modifying the speed of the last stand of the rolling plant, or those of the last 
two stands. 

Such practices are well-known and provide excellent results in terms 
of quality and of regularity on the thickness tolerance obtained, but they do 
not solve the balance problem of the currents of the motors of the stands, 

10 further to the inaccuracy observed on the exact knowledge of the operating 
points of the motors and of the actual values of the parameters delineating 
the sheet/roll friction. 

It is thus that the situation illustrated by Figure 3 often comes back. 
When measuring the load imposed, in each stand, to the motorised 

15 means 11, 21, ....51, for instance the intensity of the current in the case of 
electric motors, it appears that one of the stands, for instance the stand 3 in 
the case of Figure 3, is saturated in current whereas there exists a reserve of 
power on the stands situated upstream and downstream. It is, however, not 
possible to accelerate the rolling plant, since this would require even more 

20 current for the motor of the stand 3. It is therefore not possible to use all the 
power available and the productivity of all the plant is thus limited. 

The invention enables to solve this problem by conducting, 
permanently, dynamic balance, between all the stands, of the torques to be 
applied by the motors. 

25 Conventionally, throughout the rest of the document, h* shall 

designate the thickness of the band at the outlet of the stand i corresponding 
to the setpoint value of the reduction rate allocated to the stand i by the pre- 
adjustment system, and hi the value of the actual thickness at the outlet of 
the stand i. 

30 The idea of the invention is to decrease in real time the reduction rate 

of the stand when loaded too much, by modifying the speeds of the stands in 
order to change, by a device acting as a closed-loop, all the values h* 
without disturbing the thickness of outlet h 5 which is held at constant value. 
When considering the example given by Figure 3, it is possible to diminish 

35 the reduction of the stand 3, while increasing the thickness of outlet h 3 *. 
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Consequently, to maintain constant the final thickness h 5 at the outlet 50 of 
the plant, it is necessary to require higher reduction at the stand 4 but, 
precisely, a power is available on the latter. There results an equilibrium of 
the currents by a transfer of power to the stands situated downstream of the 
5 stand loaded excessively. 

To this aim, the equations of the « mass flow » regulation show that V 3 
should be diminished. 

Indeed, as specified above, the thickness h n is held constant by acting 
on the clamping means 11 of the stand. If the speed setpoints V^et V 2 * are 
10 maintained constant, or in a constant ratio, since : 

hi*Vi*= h 2 * V 2 *. 
h 2 is also a constant thickness. 

Besides, since h 2 * V 2 *= h 3 * V 3 *, if V 3 * is diminished, the thickness h 3 
at the outlet of the stand 3 will increase since the product of the two is 
15 constant. 

A diminution of the speed setpoint of the stand 3 therefore causes an 
increase in the thickness of outlet h 3 and, consequently, a diminution of the 
torque to be applied by the motor 13, which enables to produce the effect 
desired. 

20 This is true in permanent duty cycle, i.e. after the transfer time 

necessary to the new thickness coming out of the stand 3, to reach the stand 
4. But in the time interval, if the action on the speeds is limited to what has 
been described, a transient thickness defect will be generated. Indeed, as of 
the change of speed of the stand 3, the traction regulation between the 

25 stands 3 and 4 will operate to maintain equality of the speeds in the inter- 
stand space 13. As the thickness at the inlet of the stand 4 has not changed 
yet, because of the necessary transfer distance, the « mass flow » law will 
change the thickness h 4 of outlet of the stand 4 and consequently the 
thickness h 5 at the outlet of the stand 5. 

30 Still, it would not be acceptable that the system for balancing the 

currents generates lengths outside the thickness tolerances corresponding to 
the distances between stands, each time it is necessary to change the 
speeds of the stands for balancing the currents, i.e. permanently since it is a 
real-time control system acting as a closed-loop. 
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According to another particularly advantageous characteristic of the 
invention, this potential thickness defect may be compensated for by 
anticipation by creating it beforehand, by changing simultaneously the speed 
of the stands 1 and 2, in the example chosen. 
5 Indeed, if the speeds of the stands 1 and 2 are increased 

simultaneously, hi being held constant by the regulation of the stand 1, h 2 will 
also be constant. As the speed of the stand 3 has not changed yet, the 
thickness of outlet h 3 will increase, which is the purpose. For a transient 
period, a real-time tracking device monitoring the infeed of the product in the 
10 plant, is used for decreasing the speed of the stand 3 only when the 
excessive thickness h 3 reaches the stand 4, the stands 1 and 2 being 
simultaneously reverted to their initial speeds, using devices acting as a 
closed-loop. 

Thus, immediately on the simultaneous change of speed of the stands 

15 1 and 2, the thickness h 3 has increased and, when the speed of the stand 3 
is simultaneously decreased by resetting the speeds of the stands 1 and 2 to 
their initial values, the increased value of h 3 is kept, the flow rate h 3 V 3 being 
constant at the inlet of the stand 4. The thickness h 4 is hence held constant 
as well as the thickness of outlet h 5 . 

20 It is thus possible to prevent any overloading of the stand 3 by 

modifying its reduction rate by a diminution of its speed and by transferring 
the power on the stands situated downstream. Moreover, the potential 
thickness defect resulting from this instantaneous variation in speed may be 
compensated for by anticipation in order to hold constant the thickness of 

25 outlet h 5 , thanks to the method of the invention which enables to control in 
real time and during the transient interval, the instantaneous variations of the 
thickness, by means of a reverse temporary modification of the speeds of the 
stands situated upstream of the stand loaded excessively. 

But it is also possible, in a variant of the invention, and still in the case 

30 illustrated by Figure 3, to diminish the reduction rate of the stand 3 while 
decreasing the thickness at the inlet of this stand, i.e. the thickness of outlet 
h 2 of the stand 2. 

The equations (2) show that this result may be obtained while 
increasing the speed of the stand 2. Indeed, since the thickness hi at the 
35 outlet of the stand 1 is held constant by the regulation of the stand 1, an 
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increase in the speed of the stand 2 will generate a diminution in the 
thickness h 2 , which is the purpose. This increase in the rate of reduction in 
thickness in the stand 2 causes an increase in the power spent by the motor 
12. There is consequently a transfer of power on the stands situated 
5 upstream of the most loaded stand. 

But, as previously described, it appears that this action on the stand 2 
may generate a potential thickness defect during the transient period. Indeed, 
the change of speed of the stand 2, before the new thickness reaches the 
stand 3, will generate a change in thickness at the outlet of the stand 3, 

io because of the regulation of the traction in the inter-stand space 20. This will 
be passed on to the thickness of outlet still by means of the traction 
regulations in the inter-stand spaces. Such disturbances are not acceptable 
since they would lead to global degraded performances of the thickness 
regulation on the whole plant. 

15 The action made on the stand 2 in the transient period should 

therefore be compensated for. According to the invention, this potential 
defect will be compensated for by anticipation, during the transient period, 
while controlling a variation in speed of the stand 1. Indeed, the thickness hi 
is constant thanks to the regulation of the stand 1 and, moreover, the « mass 

20 flow » regulation gives us: hh* \Ai*= h 2 * V 2 * (2). 

A diminution in the speed setpoint V!* will therefore induce a 
diminution in the thickness h 2 which is the purpose. Then, when the reduced 
thickness h 2 reaches the stand 3 the thickness-tracking device, working in 
real time and as a closed-loop enables to increase at the same time the 

25 speeds of the stands 1 and 2 to obtain the result desired without any 
variations in the thickness h 5 at the outlet of the rolling plant. 

Generally, in this other embodiment of the invention, any overloading 
in a stand is avoided while increasing the speed of the previous stand and, in 
order to compensate for the potential thickness defect thus generated, an 

30 increase in speed of the other stand(s) situated upstream is controlled. 

The invention thus enables to conduct a transfer of power from the 
overloaded stand to all the stands situated upstream, while holding constant 
the thickness of outlet. 

However, in practice, it would not be easy to isolate a particular case 

35 as that of Figure 3 and to distinguish two different ways of reducing an 
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overload detected on a stand. The method of the invention, which operates in 
real time and is applied to a plant designed as a closed-loop, enables to re- 
balance permanently the currents of the driving motors of the stands by 
combining the effects of a balance on the upstream stands with those of a 

5 balance on the stands downstream, and this for all the stands 
simultaneously. Thus, there will be, permanently, balanced currents in all the 
driving motors of the stands of the rolling mill and, when rolling a determined 
product, according to the rolling pattern set by the pre-adjustment system, if 
there remains power available on the motors, the overall speed of the plant 

10 may be increased and its productivity may be raised by the same amount. 

The invention also covers a device for implementing the method 
represented for exemplification purposes on Figure 2. This representation is 
purely schematic since such a plant may make use, not only of the 
conventional technologies of electronic circuits with elementary circuitry of 

is comparators, amplifiers, controllers, including themselves gain adjustments 
with proportional, integral and differential action, but also of more recent 
technologies of digital controls based upon calculators and microprocessors, 
providing they enable to act as a closed-loop, with response times sufficiently 
short to run an action in real time, with respect to the other response times of 

20 the other portions of the rolling plant. 

In a plant according to the invention there are a level 6 for dynamic 
balancing of the currents as a closed-loop, and a level 7 for controlling the 
transients which may be called the « thickness stage ». 

The level 6 for dynamic balancing includes measuring the currents 

25 spent by the motors of the stands using current transformers 16, 26, 36 46, 
56. 

The system for dynamic balancing 6 also contains comparison circuits 
capable of selecting permanently the most loaded stand, as well as the 
function of transfer and the gains necessary to the conversion of the load 
30 differences into a variation in the thickness setpoints, which will be the new 
thickness references h* of the stands leading, in permanent duty cycle, to the 
equilibrium of the currents. 

The circuit 6 will generate the variations necessary for controlling the 
inter-stand thicknesses, using proportional, integral and differential gain 



adjustment controllers, in order to diminish the reduction rate of the most 
loaded stands as described in the method of the invention. 

The thickness stage 7 includes the circuits necessary to the 
transformation of the variations in the inter-stand thicknesses into speed 
5 setpoints of the driving motors, as well as those for managing the transients 
and, notably, the system for tracking the infeed the band B in the rolling plant. 

Taking into account the tracking of the product and of the variations in 
the setpoints worked out by the dynamic balancing circuit 6, the controls of 
the transients 7 will work out the transient and anticipative variations in speed 
10 of the stands which will enable to balance the currents, without causing any 
variation, even transitory, in the thickness of outlet. All these circuits act in 
real time, in regulation and as a closed-loop between the measurement of the 
differences of the currents of the motors, taken to some extent as error 
signals at the inlet of the loop, and the variations in the speed setpoints of the 
15 driving motors, which constitute the outlet signals thereof. 

Such a device, according to the invention, for balancing the currents of 
the driving motors operating in real time and as a closed-loop, may be 
adapted to any device for controlling the thickness of outlet and is part 
integrally thereof. 

20 Obviously, the invention is not limited to the embodiment which has 

just been described for exemplification purposes and may be applied to any 
set of roll stands operating in tandem and comprising at least two successive 
stands. 

Besides, the invention is not limited to cold rolling and may also be 
25 applied to a tandem hot rolling mill as for instance the finishing train of a hot 
band train. 

The control system AGC which has been described succinctly may be 
of any type enabling to control the final thickness of the rolled product. 
Indeed, since the invention is based on the respect of the « mass flow » law, 
30 it would be possible to imagine variations in the operation of the thickness 
regulation. 

Similarly, the implementation may be made in different ways without 
departing from the field of the invention, in particular according to rather 
recent digital and vector processing mode, usually denominated 
35 « multivariable regulation ». 
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The reference signs inserted after the technical characteristics 
mentioned in the claims, solely aim at facilitating the understanding thereof 
and do not limit their extent in any ways. 



